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1.1. Typical structure of human-machine interaction
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Figure 1. Typical structure of the dialogue model
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1.2. Main problems of the speech dialogue
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1.2.1. The problem of the system’s adaptation (to the user, the 
environment, the applied area)
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1.2.2. Continuous speech recognition problem
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1.2.3. The problem of robustness of the speech understanding process
�&&
���#�  
�  ��� &
��
���� �&&�� ��� ��'� 
��  ��� �
��� ����� 
'� ���#��#�� - �� /�

��
&����#��� ������ �� 
����� ��������#����� &������� 
���F++G!��&&
���#� 
����'��#�,��
���
 ����� �
��� � ����&�� ������ ����#� &��� ��� �&������ 9 ��  ��� � �#���� ����
�&��
������� � 
�!� A robust understanding system is such a system, for which it can be 
guaranteed that it understands input utterances in spite of any word missing, any failure of 
word order, and availability of ellipsis both with and without correction. The system is based 
on semantic and syntactical knowledge of the object domain and the context.
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Figure 2. Sequential and integral models of speech processing
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Figure 3. A typical speech understanding model
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1.3. The specificity of the voice control for moving object
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Figure 4. Voice operated aircraft
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Figure 5. Voice operated robot
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Figure 6. The model of human-machine interaction
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2. Methods for speech processing for voice control task
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2.1. Speech endpoint detection
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Figure 7. Structural scheme of the Voice Active Detector
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Figure 8. Algorithm for speech endpoint detection
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2.2. The methods for parametrical signal representation 
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Figure 9. Speech processing by LPC
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Figure 10. Scheme of the vector quantization technique

2.3. Isolated speech recognition
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2.3.1. Speech recognition by dynamic programming
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Figure 11. Matching of speech parts by DP method
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Figure 12. Recurrent DP-equation with two-time degree of warping
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Figure 13. Speech recognition model by dynamic programming
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2.3.2. Usage of Hidden Markov Models in speech recognition
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Figure 14. The model of a phonetic unit
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Figure 16. Isolated word recognition based on HMM
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2.4. Approaches to continuous speech recognition
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2.5. Natural speech understanding
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2.5.1. Speech understanding as a necessary part of speech processing
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2.5.2. Speech understanding methods: two base paradigms
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2.6. Using the situational context in the high-level speech 
processing
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2.7. Main challenges of speech processing
H�����
�� �����������
'��
� �������&��������&�����(&
��� ���� ���& 
���
����9��&���

����& � ���'
��
9�#�5���&������#���
( 0��� 
��
'� �
��� �����&�������� ����#!�4���� ������������&�� 
����&����������

������ ��� �� ��'����&�� �
� .� 9�&�� #�
���� �����  ����� 
'� ����&�� ������ �� ����
�&&
��������B ���&
���& ������#���&
#� 
��'�
���&
���& �9
���C!

( 0��� 
�� 
'� �
����� '
�� � �#�� 
�� 
'� ���� 5���� 
'� �'
��� 
�� ����#�  ��� ����&��
������ ����#���
&���!

( 	� 
���� &
���� ������ ��#���� 
'� ��� � �'
��� 
�!� %��� 
���� �� �
��� 
'� ����� &�
�������� ���� �������� ������ 
��  ��� '
��
9�#� ����� B3����� ����#� ��  ��� &����� ��  
�
����
���  
� ���� E��� 
��� &
���& ��� 9 �� ��� � �  ����&�C!� %��� ���&���� �� �������
����&��� 
� �����&��� ��
'��&�����
���'���#���������� &�'�������
 �� �� ������� 
� ���
&
����� �� 
'�  ��� ���
#��� ����#���� � �
����.� ���� ��� 
'� 9
���� 
�� �  ����&��� ����
#�
�������� ������ 
'� ���
#��� ��
#����!� �� ������ � � ����� '�����  ��� � �� 
�� ����
������ ������''���� �����& 
��.��
��.�������
'���
����1��#
�!����
 ����9
���� �����
���
�������
������&
���� ������������'
�����
#�������������''&�� �'
�� ������������
������ ����#�9 �
� ����� ���� ���!��
�� � � &����� �.�9�&����''&�� ���&
���� ����
��'��& ������������&�������
������������'���'
�� �����&�
��
'� �����
����!



��

( ����
����� �
'�9
�����&
#� 
���
�����������&����&
#� 
���&&���&�.��
��� ����� 
�
��
�� &�����#����� &������� 
��.���������� � 
�� 
� �������5��,���
&�.��&
�� &�
����
���� ��������&'&�����&� 
���
���!

3. The approach of Speech Informatics Group to the speech 
dialogue problem
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3.1. Conceptual premises. Human speech perception
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3.2. Associative analysis
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3.3. Pragmatic estimation in speech processing
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Figure 17. Pragmatic estimation of hypotheses of an input utterance 
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Table 3. Example of phrase processing by diverse kinds of knowledge
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4.1. The development of the method for robust speech endpoint 
detection based on the entropy of the signal spectrum
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4.1.1. Mathematical foundations of the method
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Figure 19. The algorithm for speech endpoint detection based on the entropy of the signal 
spectrum
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Figure 20. The essence of logical-temporal processing
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Figure 21. Test signal

Figure 22. Example of speech endpoint detection

Figure 23. Test signal with additive noise

Figure 24. Example of endpoint detection of speech with additive noise
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Table 4. The detection of speech at the presence of diverse kinds of noises in the signal
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4.2. Development of the features robust to variations of signal scale 
and accidental nonlinear spectrum deformations
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4.2.2. Representation of features set by means of piecewise-linear 
approximation
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Figure 25. Permissible deformation zone
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4.2.3. Forming the spectral-difference features
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Figure 26. Procedure of obtaining the spectral-difference features vector
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Table 5. Parameters of triangular filters
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4.2.4. Optimization of spectral-difference features system
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Figure 28. Optimization of feature system
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Table 6. Comparison of recognition rate for some kinds of features
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Figure 29. Comparison of robustness of spectral-based feature systems
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4.3. Elaboration of the continuous speech recognition method 
robust to grammatical deviations
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4.3.1. The continuous speech recognition model based on sliding analysis
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Figure 30. The structure of the acoustic level of the continuous speech recognition
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Figure 31. The process of comparison of the word template and the signal
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Figure 32. Acoustic probability of words appearances
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Figure 33. Temporal probability of the intervals between word hypotheses
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Figure 34. The result minimization of DP-comparison by distance matrix
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Figure 35. The search of local minimums on D(t) difference function
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Table 7. Recognition example of continuously pronounced words
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control      wheel    to_zero
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Table 8. Performance estimation of the continuous speech recognition model
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Figure 36. The increase of the amount of phrase hypotheses with the increase of 
vocabulary size
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4.4. Research of the problem of speech recognition/understanding 
robustness
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4.4.1. From robust speech recognition to robust speech understanding
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Figure 37. Comparison of robustness for human and machine speech understanding
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Table 9. Allowed rate of human’s word perception for required rate of understanding 
accuracy
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4.4.3. Recognition of meaning of phrases robust to grammatical deviations 
of an input message
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Table 11. Testing the word recognition/understanding of continuous speech
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4.5. The analysis of the approaches for the adaptation of the system 
to a speaker and acoustic environment
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4.6. Development of flexible structure of the speech databases for 
simple adaptation to modifications of the object work logic
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4.6.1. Organization of the databases of the speech understanding model
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Table 13. The structure of the situational database
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Table 14. Description of situations

Field name Type Field description
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Table 15. Description of transitions

Field name Type Field description
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Table 16. Description of alternative phrases

Field name Type Field description
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Table 17. Description of syntagma associations

Field name Type Field description
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Table 18. Description of associative estimations

Field name Type Field description
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Table 19. Description of acoustic database

Syntagma number Unquantized feature vectors Chain of cluster numbers
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4.6.2. Adaptation of the databases to modifications of work logic of the 
control object 
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Figure 38. Interaction between the modules of database adaptation and the speech 
understanding
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Figure 39. Integral adaptation of the speech databases to modifications of object work 
logic
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4.7. Modification of the base model of the integral understanding in 
order to provide the continuous speech input and adaptation to 
applied task
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Figure 40. The structure of the adaptive model of robust understanding of continuous 
speech
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4.8.2. Generalized form of presentation of situational information
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Figure 41. Fragment of the situational diagram

4.8.3. Expert approach to situational analysis
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Figure 42. Situation analysis of the pronounced phrase

5. The developed model of the voice operated flying object
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5.1. Description of the developed software for speech understanding
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5.1.1. Main classes of the developed software
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Figure 43. The structure of classes of the integral understanding model
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5.1.2. Testing and debugging the developed software
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5.2. The research prototype of the speech understanding model and 
database manager programs
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5.2.1. The research prototype of the speech understanding model
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5.2.1.1. Description of the dialogue window
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( «Situation Context»
( «Internet command»
( «Hypotheses list»
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Figure 44. The dialogue window of speech understanding model

Audio Display. %��� �� � ��
�����  ��� ������� 
�� 
'� ��&
���#� ��
&���.� ������� 
'�  ���
9����#� �����#��� ����  ��� ���
�� �� 
�� 
'� &����& ��� &�� 
'� ��&
����� �#���!� %��� �
�����
&
� ����  ��� ��&� 
�� 
'� �
����� 
'� �#���.�  ��� 9��
9� '
��  ��� �����#��� ��
� � ������ �� �
&�
���#� ����
&���#���!�%�����&
������#������&����& ��������� ���'
��
9�#������� ����

( KWrdCountL�R� ����������
'�9
����-��� �#���/J
( KWrdLenL�R� ������ �#������# �����������
'���#��� �J



)7

( KOverNumbL� R�  ��� ������� 
'� �������.� ������ 
'� 9�&�� ��&�����  ����������
���
9������#�������� ���J

( KAbsMedLevL�R� ��������#��������
'� �����&
������#���!
Audio Setup. %����� ���
����� �����1�� ��� �
'������� ����
'� ����&�
��
���&�������

���������
���
� 
���'
������&��������&5!�3��#� ���&��&5��
�����������&��� ����
��
�� ����
''�
 ���'
��
9�#�
� 
���

( KPlayBackL�R����
9�� 
�������&5� �����&
������#���J
( KPlay of responseL� R� ���
9��  
� ������&5�  ��� 9��('��� &
�����
���#�  
�  ���

������ ����#������ J
( KVoice Volume LimitL� R� ���
9��  
� &��&5�  ��� �#���� ������ �������#�  ���

�����#���KSpeak softer!L.�KSpeak louder!LJ
( KContinuous recognizingL�R����
9�� 
����'
�����&
� ��
����
���
'�&
� �
��
��

 �� �#!
( BContSpeechC� R���
9��  
� &�

���  ��� �
��� 
'�  ��� ����&�� ��� � -&
� ��
���

����&����� �
���
�� ���9
������ /!
<
�� 
� ���� �� �& 
�� 
'�  ��� ����&�� �
��������  ��� '
��
9�#������� ���� ��������� ��  ���

�
����
( KPower LevelL�R� ��� �����
���������
'�����&����#��� �����#�J
( KSignal DisplaceL�R� ����#���������&���� ����� ����� 
����
!�%��������� �����

�� 
�� &�������1�� ��J
( KNoise LevelL�R� ����
��������!�� ����� 
�� &�������1�� ��!

Controls. %����� ���
����� �������#���� �
'���&
���#.���&
#� 
�.������� ����#�����
 �� �#���
&�����!�%����� �&
� ����7���  
���'
��&
� �
��
'� ���'
��
9�#���
&������

( KRecordL���  
�� � �� �� �#���� ��&
���#!� ��������
����  ��� �#���� ��&
���#�����
����&���� �& 
����#
� �������� �� ��J

( KStopL���  
��� 
���������
&������-��&
���#��
��.�'����
'����������&
���#.�
���
�� �� 
��
'���� �#����&
#� 
������� �.�� &/J

( KInitChannelL���  
�� � ������  �����&
���#����
�&�������'
����1�� ��� �
'�
KSignal DisplaceL�����KNoise LevelL������� ���J

( KLoad ConfigL� ��  
�� �
����  ��� �
���� ������ ���� '�
��  ��� KSR_Setup.cfgL�
&
�'#��� 
��'��J

( «Adjustment»� ��  
�� �& �� ���  ��� ��
&���� 
'� �
���� ��1�� ��� � -����&��
�� ������/�  
�  ��� ��9� �������  ��5!� %��� 5��� �
5�� ��������  ��� ��� 
����
���
#��� 9��
9.� �� 9�&�� �� ����� &��� &�

���  ��� ��E����� �
��� 
'�  ���
��1�� ��� ��� �#�������� � 
��
'����� ����� �������
����1�� ��� �
'� ���&
�&�� ��
�� �����!

( KExitL���  
��&
���� ��� ���9
�5�9 �� ��������� ����#��
��������&�
���� ���
��
#���!



)8

Situation Context. %����� ���
9�� ��� ���� 
����&&
���#� 
� ���� �� 
������#��������
&
� ���� ���'
��
9�#������� ��

( KCurrentL������� ���
9�� ���  ���
'� ���&����� �� �� 
�!�H� � ����
������ 
�
����& � ���� ���� �  ��� &����� � � �� 
�� '�
�� ���� �
������ � �� 
��� ���#�  ���
������ !

( KNextL������� ���
9�� ���  ���
'� ������ �� �� 
�!�� ���������������������� �
'�
 ��� ������ ����#!� ���
�  ��� ������� ����& 
�� �� �
������ '�
��  ��� �� � 
'� ����
���
 �����.�9�&������
� �������� ��������� ����#���
&���!

( K�L�(� �����  
���&&
�������� ��� ���� 
��
'� ��������� ����#��
����'�
��
 ���&����� �� �� 
�� 
� ������ �� �� 
�!

( KAuto TransitL�&��&5��
�����
9�� 
��&&
�������� 
�� &� ���� 
��-9 �
� �
����� � &
�'��� 
�/�  
�  ��� ��� � � �� 
�.� 9�&�� �� 
� ����� ���  ��� ��� �
������ ����#����
 ����!

Internet command. %����� ���
����� ���&
� �
��
'������
 ��
�1�& �-���
�
 .������&��' �
�
���.�����&���/������ ���� !�%����� �&
� ���� ���'
��
9�#������� ��

( KSend CommandL�&��&5��
�� �����
� 
�� �����
''� ����� J
( KResponse WaitL�&��&5��
�����
9�� 
��� � ��������� ����#��
������ ����
���


'� 9� �#�  ��� ����
���� &
������ '�
��  ��� 
���� ��� 
�1�& !� %��� 
� 
��
���&��
�����  ��� '
��
9�#� ��
&������� ��� � 
'�  ��� �
&�� &
������ ����
���&� 
��
'� ���&
�������� ���
���� ���
�1�& !

( KIPAddressL��������� ����"���������
'�"0.�9�&��&
� �
��� ���
���� ���
�1�& !�
���� ��� ���'���!

Hypotheses list. %��� �� � ���
�� �� ���  ��� ����� �� 
'� ��&
#� 
�� ���� ������ ����#�
��
&�����!�%������ ����
 �������� �9 �� ���&
�����
���#��� �� 
�������������!

Databases. %��� �� � �� ����� ����#�  ��� &��� 
�� ���� &
���& 
�� 
'� �&
�� &� �� ������� 
'�
��� �#����������������-'����9 ��M!�&���� ���
�/!�%����� �&
� ���� ���'
��
9�#������� ��

( KAcoustic WorkL� &��&5� �
�� ��
����� '���#�  ��� �&
�� &�  ����� ��� 
'�
��� �#���!� ���  ��� K ���� 
�L� �
� 
��  ��� ��&
���#� 
'� ��� �#����  ����� ��� ��
�&&
�������!� %��� ��&
���#� ��
&���� �� �� 
�� &����� � 
����� ���#� ����&��
����
� ��� �& 
����#
� ��!

( KEtalon FillingL� &��&5� �
�� ���
9�� ��� � 
'�  ��� ��� �#����  ����� ��� -��  ���
K ���� 
�L� �
� 
�/!� ���  ��� K ���� 
''L� �
� 
��  ��� �&
�� &� ��&
#� 
�� 
'�  ���
��&
�������� �#������ ���������������� ����#������������!

( KSave AcousticL���  
��������
�������&
�� &��� ������
'���� �#����� 
� ���
'��!

( KTesting Phrase InputL� &��&5� �
�� ��
����� ��� � 
'�  ���  �� �#� �������� ����
 �� �#� 
'�  ��� ������ ����#� ��#
� ��� �� 
�����  
� 
� ����  ��� �
����
������ ���!



)2

( KTesting PhraseL� ��  
�� ���'
����  ��� �
��� 
'�  �� �#�  ��� ������ ����#�
��#
� ��!

( KSave PhrasesL���  
�������� ���&����� ��&
�� &��� ������
'��������!
Syntagm/Phrase list. ;������#�
�� ���
� 
��� ����� ����
�� �� ����� �� ������ �
'� ���

��� �#���� 
�� �������.� 
��  ���� 
�� � 
�  ���  ������� � �� 
�� 
� ����� ��� �� ����� � 
'�  ���
������ ����#���
&���!

5.2.1.2. Adjustment of the audio channel
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5.2.1.3. Word recognition mode
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5.2.1.4. Phrase understanding mode
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5.2.2. Situational database management program
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Figure 45. The main dialogue window of the situational database management program
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Figure 46. Select situation to add dialogue window
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5.2.3. Associative database management program
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Figure 48. Dialogue window of the associative database manager
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5.2.4. Acoustic database management program
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Figure 50. Graphics of the inputted acoustic signal

5.3. Development of the computer emulator of the flying object
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5.3.1. Emulation as an important stage of complex objects modeling
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5.3.2. Compiling the initial data for the flying object emulator
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5.3.3. Representation of the control object as the set of variable 
parameters
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Table 21. Main parameters of the flying object
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5.3.4. Situational diagram of the work logic of the control object
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Figure 51. Situational diagram
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5.4.1. Speech understanding module
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Figure 53. The dialogue window of the modified speech understanding module
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5.4.2. Aircraft emulator module
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Table 22. Visualization of the main speech commands
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Figure 54. The dialogue window of the aircraft emulator AE1
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5.4.3. Interaction between the speech understanding module and the 
aircraft emulator
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5.4.3.1. The main principles of organization of interaction between the speech 
understanding module and the flying object emulator
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Figure 55. Voice operating with aircraft commander and assistant
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Figure 56. Voice operating with the speech understanding automaton
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Figure 57. Interaction between the speech understanding module and the aircraft 
emulator

5.4.3.2. Joint functioning of the speech understanding model and the aircraft 
emulator
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6. Perspective research directions in the speech 
understanding area
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6.1. The creation of domain models based on ontology
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6.2. The multiagent system for effective accumulating and updating 
speech and language data
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Figure 61. Multiagent system for speech technologies
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6.3. Voice interface in the perspective infotelecommunication 
systems
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6.4. Multimodal interfaces for the task of human-computer 
interaction
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6.4.1. Main differences between multimodal interfaces and unimodal 
interfaces
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6.4.2. The most effective combinations of modalities
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Table 23. Combinations of input-output of speech and handwriting
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Table 24. Characteristics of existing speech-gesture systems
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Figure 62. Flow of joint processing of gestures and speech

6.4.3. Perspective directions of usage of multimodal interfaces
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